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BOX PCT 

IN THE UNITED STATES ELECTED/DESIGNATED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY- CHAPTER II 
5 PRELIMINARY AMENDMENT 

APPLICANT: Bemhard Raaf DOCKET NO: 112740-344 

SERIAL NO: GROUP ART UNIT: 

EXAMINER: 

INTERNATIONAL APPLICATION NO: PCT/DEOO/01021 

1 0 INTERNATIONAL FILING DATE: 03 April 2000 

INVENTION: METHOD FOR CONTROLLING TRANSMISSION POWER 
IN A RADIO SYSTEM, AND A CORRESPONDING RADIO 
SYSTEM 

15 Assistant Corninissioner for Patents, 
Washington, D.C. 20231 

Sir: 

Please amend the above-identified International Application before entry 
20 into the National stage before the U.S. Patent and Trademark Office under 35 
U.S.C. §371 as follows: 
In the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 
25 SPECIFICATION 

TITLE OF THE INVENTION 
METHOD FOR CONTROLLING TRANSMISSION POWER IN A RADIO 
SYSTEM, AND A CORRESPONDING RADIO SYSTEM 
BACKGROUND OF THE INVENTION 
30 The present invention relates to a method for controlling the transmission 

power in a radio system, and to a corresponding radio system, in particular a 
corresponding mobile radio system. 

Transmission power control in mobile radio systems is an important 
performance feature in order to be able to suppress possible interference between 



the individual connections and, hence, to allow the capacity and quality of the 
connections to be improved, as well as to be able to reduce the mean transmission 
power, to achieve the best possible matching to the requirements and to allow 
losses via the transmission channels to be at least partially compensated for. 
5 To this end, the signal transmitted by a transmitter is evaluated at the 

receiving end in the mobile radio system in order to allow information to be 
produced as a function of this for power control, and to allow this information to be 
transmitted to the transmitter, which then adjusts the transmission power in 
accordance with the power control information. 

1 0 hi order to explain the principle of power control in more detail. Figure 2 

shows the communication between a base station 1 and a mobile station 2 in a 
mobile radio system. A connection from the base station 1 to the mobile part 2 is 
referred to as the downlink or forward link coimection, while a connection from the 
mobile part 2 to the base station 1 is referred to as the uplink coimection, or reverse 

15 link connection. For power control in the downlink, the respective received signal 
is evaluated in the mobile station 2, and power control information is produced as a 
fimction of this and sent back to the base station 1, so that the base station 1 can 
adjust the transmission power appropriately. In order to control the 
uplink, the received signal is evaluated in the base station 1, where the power 

20 control information is produced and the mobile station 2 is instructed to carry out 
power matching. 

The power control information is, in this case, transmitted within a 
predetermined frame structure, depending on the respective mobile radio system. 
Figure 3 shows an example of the frame and timeslot structure for a 

25 downlink connection in a mobile radio system operated using a code division 

multiple access method (CDMA). The frame and timeslot structure shown in Figure 
3 corresponds, in particular, to a UMTS mobile radio channel (Universal Mobile 
Telecommunications System), which is also referred to as DPCH (Dedicated 
Physical Channel) in accordance with the current state of UMTS standardization. 

30 UMTS is the designation for third-generation mobile radio systems, with the aim of 
a worldwide, universal mobile radio standard. According to the UMTS mobile 
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radio standard, the WCDMA method (Wideband Code Division Multiple Access) is 
intended for use as the multiple access method. 

The frame structure shown in Figure 3 and with a duration of 720 ms 
includes, in particular, 72 frames 3 of identical construction and having a frame 
5 duration of 10 ms, with each frame, in turn, having 16 timeslots 4, with a timeslot 
duration of 0.625 ms. Each timeslot 4 includes information split between a logical 
control channel (DPCCH, Dedicated Physical Control Channel) and a logical data 
channel (DPDCH, Dedicated Physical Data Channel). The DPCCH section includes 
a pilot bit sequence 5 and TPC information (Transmitter Power Confrol) 6 and TFI 

10 information (Transmitter Format Identifier) 7. The DPDCH section includes user 
data bits 8. The structure shown in Figure 3 can be found, for example, in the 
document ETSI STC SMG2 UMTS-Ll : Tdoc SMG2 UMTS-Ll 221/98. 

The pilot bit sequence 5 is used for estimating the channel impulse response 
during a training sequence, and corresponds to a known bit pattern. The receiver 

15 can determine or estimate the channel impulse response of the mobile radio channel 
by comparing the received signal with the known pilot bit sequence. 

The TFI information 7 is used for format identification for the respective 
receiver. The TFI bits are protected, according to the present WCDMA Standard, 
via a specific coding method, and are distributed over an entire frame (time 

20 duration 1 0 ms) by interleaving. If the TFI information 7 in each timeslot includes, 
for example, three bits b4...b5 as shown in Figure 3, there are a total of 3*16 = 48 
TFI bits per frame, which includes 16 timeslots, and these bits are coded via a bi- 
orthogonal coding method. 

The TPC information 6 represents the command, produced by the receiver 

25 and transmitted to the transmitter, to adjust the fransmission power. To do this, the 
received power in the receiver or the signal-to-noise ratio in the received signal is 
compared with a predetermined reference value, and the value for the power 
adjustment command is determined as a fimction of the discrepancy. As such, if the 
received power exceeds the reference value, a command is produced to reduce the 

30 transmission power, while a command to increase the transmission power is 
produced if the received power is less than the predetermined reference value. 
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Thus, depending on the comparison result, the receiver transmits a digital or binary 
adjustment command to the transmitter. In this case, a command to increase the 
transmission power (power up command) is coded with a 1, while a command to 
reduce the transmission power (power down command) is coded with a 0. In each 
case, the adjustment command is transmitted to the transmitter after appropriate 
modulation. According to the WCDMA Standard for UMTS mobile radio systems 
that is currently under discussion, the transmission is carried out via QPSK 
modulation (Quadrature Phase Shift Keying), by which the binary 1 or 0 are 
changed to respective values -1 and +1, followed by the power control signal being 
spread. 

The power control information^ thus^ generally includes only one bit, which 
indicates whether the transmission power should be increased or reduced at the 
transmission end. In order to allow this bit to be transmitted with a sufficiently low 
error probability, the bit is transmitted repeatedly. The TPC information shown in 
Figure 3 in consequence, for example, includes three bits bl...b3, which are 
transmitted successively with identical information contents. However, the power 
control information also may include a different number of bits; for example, more 
bits. 

Relatively powerful coding methods which are known per se and via which 
it would be possible to achieve a better error probability are not used since the TPC 
bits will need to be evaluated immediately in the receiver of the TPC information^ 
in order to allow the transmission power to be readjusted appropriately without 
delay. According to the prior art, the TPC bits are not coded together with other bits 
or data and also can not be distributed over a relatively long time period, for 
example over an entire frame, which is referred to as interleaving. 

However, there is a requirement for the TPC bits to be transmitted correctly 
with as high a reliability level as possible in order to avoid the transmitter 
incorrectly or not reliably receiving the corresponding power adjustment command. 

The document ETSI SMG2 LI Expert Group, Tdos SMG2 UMTS-Ll 
736/98, Espoo, Finland, December 14-18, 1998, "Soft TPC Interpretation for 
Improved Closed Loop Power Control" discusses the reliability of the power 



adjustment command transmitted to the transmitter, and adjustment in as optimum 
a manner as possible of the value of the power adjustment command as a function 
of the reliability of its reception, hi this case, the authors indicate that the value of 
the power adjustment command should be chosen depending on the function tanh 
(A/2), where A represents the reliability of the power adjustment command in the 
form of a log-Hkelihood distribution. 

The present invention is directed toward providing an improved method for 
controlling the transmission power in a radio system, in particular in a mobile radio 
system, as well as a corresponding radio system, by which the rehabihty of 
transmission of the power control information can be improved. 

SUMMARY OF THE INVENTION 

According to the present invention, the power control information 
transmitted in one timeslot is coded together with further data which is intended to 
be transmitted in the same timeslot. Both the power control information and this 
further data or information are preferably transmitted in binary form, so that the 
power control information (TPC bits) transmitted in one timeslot is not simply 
transmitted repeatedly, but is coded together with fiirther bits, which are intended to 
be transmitted within the same timeslot. These further bits may be, for example, the 
bits in the TFI information (TFI bits) in a WCDMA mobile radio system. However, 
in principle, other bits, for example data bits, also can be used for coding with the 
TPC bits, provided they are intended to be, or can be, transmitted in the same 
timeslot at the TPC bits. 

The coding method used for coding the TPC bits can m principle, be chosen 
as required. However, the coding method is advantageously chosen such that the 
coding process provides added redundancy, which can be utilized during reception 
of the coded power control information to check the transmitted value of the power 
control information. 

The coding method may, for example, include the TPC bits being coded 
together with the further bits to be coded with them to form a common binary data 
word, at least some of whose bit values depend not only on the value of the TPC 
bits but also on the value of the further bits, for example the TFI bits. The bits to be 



coded with one another can, thus, in particular, be linked via a logic exclusive-OR 
operation. 

An advantage of the present invention is that the added redundancy, which 
results from the dependency of the coded bits on both the value of the TPC bits and 
the value of the further bits to be coded with them, allows additional estimated 
values to be obtained for the power control information to be transmitted, which 
then can be used to check the received power control information, in order to 
increase the reliability of transmission of the power control information. 

The present invention is preferably used in CDMA mobile radio systems, 
especially in WCDMA mobile radio systems, such as the UMTS mobile radio 
system. Furthermore, the present invention is preferably used in a mobile radio 
system in the downlink, that is to say for transmission of the power control 
information from the base station to the mobile station, since CDMA mobile radio 
systems have increased delay times in the uplink, owing to the code division 
multiplexing method used, hi principle, the present invention can, however, be 
appHed to any type of radio system in which it is intended to fransmit power control 
information embedded in a (frame and) timeslot structure. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the frame and timeslot structure according to the present 
invention for a downlink connection in a WCDMA mobile radio system to which 
the present invention is preferably applied. 

Figure 2 shows a schematic illustration of a mobile radio system in order to 
explain the information transmission for power control. 

Figure 3 shows the known frame and timeslot structure for a downlink 
connection in a WCDMA mobile radio system. 

DETAILED DESCRIPTION OF THE INVENTION 

The frame and timeslot structure shown in Figure 1 indicates the principle 
on which the present invention is based, with the fimdamental layout of this 



structure corresponding to the structure shown in Figure 3, so that reference also 
should be made to the corresponding explanatory notes relating to Figure 3. 

As has already been described initially, in the structure shown in Figure 3, 
the bits for power control information 6 (referred to as TPC bits in the following 
text) are transmitted separately from the ftirther information, to be transmitted in 
the same timeslot, in a timeslot 4. In particular, the power control information 
normally includes only one bit value, which is transmitted a number of times 
successively, according to Figure 3, for example, three times in the form of the TPC 
bits bl...b3. The further control and data bits are separated from the TPC bits 
bl...b3. 

However, according to the present invention, this separation is canceled, 
and the TPC bits bl...b3 are coded together with frulher bits which are fransmitted 
in the same timeslot 4. These may be, for example, the bits in the format 
identification information 7 (referred to as TFI bits in the following text). However, 
other bits, such as bits in the data information 8, also can be used for coding the 
TPC bits. 

In order to explain the principle on which the present invention is based, it 
is assumed by way of example in the following text that the power control 
information includes three TPC bits bl...b3, which are intended to be coded, in 
redundant form, together with three TFI bits b4...b6 of format identification 
information. The value of the power control information to be transmitted is 
denoted p, while the value of the format identification information to be fransmitted 
in the same timeslot 4 is denoted t. 

With the conventional structure shown in Figure 3, the bits bl...b3 would all 
be assigned the value p, while the bits b4...b6 would define the value t, separately 
from this. 

According to one preferred exemplary embodiment of the present invention, 
it is now proposed that a coded data word which is common to the power confrol 
information and format identification information be generated from the bits 
bl...b6, at least some of whose bit values are influenced not only by the value p but 



also by the value t. In particular, the bits bl ...b6 in this coded data word can be 

allocated as follows, in the course of coding: 

bl=b2 = p 
b3=b4 = pXORt 
b5=b6 = t 

The coded data word thus includes a total niimber of bits corresponding to 
the sum of the TPC bits and TFI bits, in which, however, some of the bits in this 
data word are occupied only with the TPC value p (see the bits bl and hi), while a 
further portion of this data word is occupied only by the TFI value t (see the bits b5 
and b6). A third section of the data word is, finally, obtained via a logic operation, 
in particular via a logic exclusive-OR operation, between the TPC value p and the 
TFI value t (see the bits b3 and b4). Thus, in comparison to the conventional 
structure shown in Figxure 3, the bits b3...b6 are used differently in the coding 
method described above. 

After the transmission of this code word with the coded bits bl ...b6 to the 
transmitter for appropriate readjustment of the transmission power, the transmitter 
can use the information contained in the bits b3...b6 to calculate an estimated value 
p' for the TPC information. To do this, the transmitter uses b5 and b6 to determine 
an estimated value for t, so that the estimated value p* can be calculated from the 
bits b3 and b4, on the basis of the estimated value oft, and utihzing the known 
XOR function. 

This estimated value p' thus replaces the estimated value for the power 
control information obtained from the bit b3 when using the known structure shown 
in Figure 3. This procedure has the advantage that p' is, in each case, based on two 
bits, with this combination making it possible to achieve a transmission capability 
that is improved by 3 dB. 

The calculation of the XOR function admittedly results in a higher bit error 
rate. However, at least when the channel or transmission conditions are not very 
bad, this is more than compensated for by the gain. This will be explained briefly 
below. 

If f denotes the probabihty that a bit will be detected incorrectly, then the 
probability of incorrect detection is improved approximately to f if this bit is 



transmitted twice. On the other hand, the probability of incorrect detection resulting 
from the XOR calculation deteriorates approximately to 2f since, in this case, the 
XOR calculation produces an incorrect value just by one of the two XOR-linked 
values or bits having been detected incorrectly. The coding method described above 
thus gives better results provided the following relationship is satisfied: 
2f=<f 

or 

f<0.5 

This relationship is satisfied for WCDM transmission methods, so that the 
present invention ensures improved transmission reUability, particularly when used 
in (W)CDMA mobile radio systems. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 

ABSTRACT OF THE DISCLOSURE 

In a radio system, in particular a CDMA mobile radio system, a receiver 
evaluates a signal received from a transmitter and produces power control 
information for setting the transmission power as a function of this evaluation. In 
order to improve the transmission rehability of the power control information, it is 
coded, and is transmitted to the fransmitter, together with fiirther data from the said 
timeslot, for example with bits from the format identification information. 
In the claims; 

On page 1 1, cancel line 1 and substitute the following left-hand justified 
heading therefor: 
CLAIMS 

Please cancel claims 1-24, without prejudice, and substitute the following 
claims therefor: 

25. A method for controlling fransmission power in a radio system, the 
method comprising the steps of: 



evaluating a signal received by a receiver via a transmission channel of the 
radio system from a transmitter; 

producing power control information as a function of the evaluation; 

sending the power control information, embedded in a time slot structure, to 
5 the transmitter; 

setting the transmission power in the transmitter as a function of the power 
control information; 

coding, in the receiver, the power control information in one time slot, with 
the addition of redundancy, together with fiirther data to be transmitted in the same 
1 0 one time slot to form a common data word, with at least one bit value in the data 
word depending on the power control information and on the further data; and 

transmitting the power control information to the transmitter, together with 
the further data to be transmitted, in the one time slot. 

15 26. A method for controlling transmission power in a radio system as 

claimed in claim 25, wherein the further data is data for format identification 
information. 

27. A method for controlling transmission power in a radio system as 
20 claimed in claim 25, wherein the further data is user data. 

28. A method for controlling transmission power in a radio system as 
claimed in claim 25, wherein the power control information is transmitted in binary 
form. 

25 

29. A method for controlling transmission power in a radio system as 
claimed in claim 28, wherein bits in the power control information are coded with 
bits of the further data to form a common binary data word. 

30 30. A method for controlling transmission power in a radio system as 

claimed in claim 29, wherein the coded data word includes a plurality of bits 
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corresponding to a sum of the bits in the power control information and the bits in 
the further data. 

31. A method for controlUng transmission power in a radio system as 
5 claimed in claim 29, wherein, during the coding process, at least one bit in the 

coded data word is assigned a value of the power control information to be 
transmitted in the corresponding one time slot. 

32. A method for controlling transmission power in a radio system as 
10 claimed in claim 29, wherein, during the coding process, at least one bit in the 

coded data word is assigned a value of the information to be transmitted in the 
corresponding one time slot from the further data. 

33. A method for controlling transmission power in a radio system as 
15 claimed in claim 29, wherein, during the coding process, at least one bit in the 

coded data word is assigned a value which corresponds to a logic operation 
between the power control information to be transmitted in the corresponding one 
time slot and the information to be transmitted in the same one time slot fk-om the 
further data. 

20 

34. A method for controlling transmission power in a radio system as 
claimed in claim 33, wherein a logic exclusive-OR operation is used as the logic 
operation. 

25 35. A method for controlling transmission power in a radio system as 

claimed in claim 33, wherein the power control information is recovered in the 
transmitter via appropriate decoding, with an estimated value being determined for 
the power control information diuing the decoding process based on a value 
obtained by the logic operation from the corresponding bit in the coded data word. 

30 
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36. A method for controlling transmission power in a radio system as 
claimed in claim 25, wherein the receiver which produces the coded power control 
information is a base station in a mobile radio system, and the transmitter which 
receives the power control information and sets its transmission level appropriately 
5 is a mobile station in the mobile radio system, such that the coded power control 
information is transmitted via a downlink coimection between the receiver and the 
transmitter. 



37. A radio system, comprising: 
a transmitter; and 

a receiver for receiving a signal, which is transmitted via a transmission 
channel of the mobile radio system, from the transmitter and for evaluating the 
received signal, so as to produce power control information which is dependent on 
the received signal and to send the power control information, embedded in a time 
slot structure, to the transmitter; 

wherein the transmitter sets the transmission power as a fimction of the 
power control information from the receiver, the receiver codes the power control 
information for one time slot, with the addition of redundancy, together with further 
data to be transmitted in the s^e one time slot to form a common data word, with 
at least one bit value in the data word depending on the power control information 
and on the further data, and transmits the power control information to the 
transmitter, together with ftirther data to be transmitted in the same one time slot. 



38. A radio system as claimed in claim 37, wherein the receiver codes 
25 the power control information together with data from format identification 
information for the same one time slot. 



39. A radio system as claimed in claim 38, wherein the receiver codes 
the power control information together with user data for the same one time slot. 
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40. A radio system as claimed in claim 37, wherein the receiver sends 
the power control information to the transmitter in binary form. 

41 . A radio system as claimed in claim 40, wherein the receiver codes 
the bits in the power control information together with bits in the further data to 
form a common binary data word. 

42. A radio system as claimed in claim 41, wherein the receiver, during 
the coding process, assigns at least one bit in the coded common data word a value 
of the power control information to be transmitted in the corresponding one time 
slot. 

43. A radio system as claimed in claim 41, wherein the receiver, during 
the coding process, assigns at least one bit in the coded common data word a value 
of the information to be transmitted in the corresponding one time slot from the 
further data. 

44. A radio system as claimed in claim 41, wherein the receiver, during 
the coding process, assigns at least one bit in the coded common data word a value 

which corresponds to a logic operation between the power control information to be 
transmitted in the corresponding one time slot and the information to be transmitted 
in the same one time slot from the fiirther data. 

45. A radio system as claimed in claim 44, wherein the logic operation 
carried out by the receiver dming the coding process is a logic exclusive-OR 
operation. 

46. A radio system as claimed in claim 44, wherein the transmitter, after 
receiving the coded common data word, recovers the power control information via 
appropriate decoding and determines an estimated value for the power control 
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information based on the value obtained by the logic operation from the 
corresponding bit in the coded common data word. 

47. A radio system as claimed in claim 37, wherein the radio system is a 
5 CDMA mobile radio system. 

48. A radio system as claimed in claim 47, wherein the receiver which 
produces the coded binary power control information is a base station in the mobile 
radio system, and the transmitter which receives the power control information and 

10 sets its transmission power appropriately is a mobile station in the mobile radio 
system. 

REMARKS 

The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 

1 5 specification to the requirements of United States Patent Practice. No new matter is 
added thereby. Attached hereto is a marked-up version of the changes made to the 
specification by the present amendment. The attached page is captioned "Version 
With Markings To Show Changes Made". 

In addition, the present amendment cancels original claims 1-24 in favor of 

20 new claims 25-48. Claims 25-48 have been presented solely because the revisions 
by crossing out underlining which would have been necessary in claims 1-24 in 
order to present those claims in accordance with preferred United States Patent 
Practice would have been too extensive, and thus would have been too burdensome. 
The present amendment is intended for clarification purposes only and not for 

25 substantial reasons related to patentability pursuant to 35 U.S.C. §§103, 102, 103 or 
1 12. Indeed, the cancellation of claims 1-24 does not constitute an intent on the 
part of the Applicants to surrender any of the subject matter of claims 1-24. 
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Early consideration on the merits is respectfully requested. 



Respectfully submitted. 




(Reg. No. 39.056) 



Bell, Boyd & Lloyd LLC 
P.O. Box 1135 

Chicago, Illinois 60690-1135 
(312) 807-4292 
Attorneys for Applicants 
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VERSIONS WITH MARKINGS TO SHOW CHANGES MADE 



In The Specification ; 

The Specification of the present application, including the Abstract, has 
been amended as follows: 
5 SPECIFICATION 

TITLE OF THE INVENTION 

Description 

Method for controlling the transmission power in a radio system^ and a 
corresponding radio s ystem 
10 METHOD FOR CONTROLLING TRANSMISSION POWER IN A RADIO 
: SYSTEM, AND A CORRESPONDING RADIO SYSTEM 

: BACKGROUND OF THE INVENTION 

Q 

The present invention relates to a method for controlling the transmission 
:fi power in a radio system, and to a corresponding radio system, in particular a 

i 15 corresponding mobile radio system. 

Li Transmission power control in mobile radio systems is an important 

'f performance feature in order to be able to suppress possible interference between 

! U the individual cormections and^ hence^ to allow the capacity and quality of the 

i.I connections to be improved, as well as to be able to reduce the mean transmission 

20 power, to achieve the best possible matching to the requirements and to allow 
losses via the transmission channels to be at least partially compensated for. 

To this end, the signal transmitted by a transmitter is evaluated at the 
receiving end in the mobile radio system in order to allow information to be 
produced as a function of this for power control, and to allow this information to be 
25 transmitted to the transmitter, which then adjusts the transmission power in 
accordance with the power control information. 

In order to explain the principle of power control in more detail. Figure 2 
shows the communication between a base station 1 and a mobile station 2 in a 
mobile radio system. A connection fi-om the base station 1 to the mobile part 2 is 
30 referred to as the downlink or forward link connection, while a connection fi-om the 
mobile part 2 to the base station 1 is referred to as the uplink cormection, or reverse 
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link connection. For power control in the downlink, the respective received signal 
is evaluated in the mobile station 2, and power control information is produced as a 
function of this and is sent back to the base station 1, so that the base station 1 can 
adjust the transmission power appropriately. In order to control the uplink, the 
received signal is evaluated in the base station 1, where the power control 
information is produced and the mobile station 2 is instructed to carry out power 
matching. 

The power control information is^ in this case^ transmitted within a 
predetermined frame structure, depending on the respective mobile radio system. 

Figure 3 shows an example of the frame and timeslot structure for a 
downlink connection in a mobile radio system operated using a code division 
multiple access method (CDMA). The frame and timeslot structure shown in Figure 
3 corresponds^ in particular^ to a UMTS mobile radio channel (Universal Mobile 
Telecommunications System), which is also referred to as DPCH (Dedicated 
Physical Channel) in accordance with the current state of UMTS standardization. 
UMTS is the designation for third-generation mobile radio systems, with the aim of 
a worldwide, universal mobile radio standard. According to the UMTS mobile 
radio standard, the WCDMA method (Wideband Code Division Multiple Access) is 
intended for use as the multiple access method. 

The frame structure shown in Figure 3 and with a duration of 720 ms 
comprises includes, in particular, 72 frames 3 of identical construction and having a 
frame duration of 10 ms, with each frame^ in tum^^ ead]b having 16 timeslots 4, with 
a timeslot duration of 0.625 ms. Each timeslot 4 compris e s includes information 
split between a logical control channel (DPCCH, Dedicated Physical Confrol 
Channel) and a logical data channel (DPDCH, Dedicated Physical Data Channel). 
The DPCCH section comprlGes includes a pilot bit sequence 5 and TPC information 
(Transmitter Power Control) 6 and TFI information (Transmitter Format Identifier) 
7. The DPDCH section compris e s includes user data bits 8.- The structure shown in 
Figure 3 can be found, for example, in the document ETSI STC SMG2 UMTS-Ll : 
Tdoc SMG2 UMTS-Ll 221/98. 
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The pilot bit sequence 5 is used for estimating the channel impulse response 
during a training sequence, and corresponds to a known bit pattern. The receiver 
can determine or estimate the channel impulse response of the mobile radio channel 
by comparing the received signal with the known pilot bit sequence. 
5 The TFI information 7 is used for format identification for the respective 

receiver. The TFI bits are protected, according to the present WCDMA Standard, 
by means of via a specific coding method, and are distributed over an entire frame 
(time dviration 10 ms) by interleaving. If the TFI information 7 in each timeslot 
comprises includes , for example, three bits b4...b5 as shown in Figure 3, there are a 

1 0 total of 3*16 = 48 TFI bits per firame, which comprises includes 1 6 timeslots, and 
these bits are coded by m e ans of via a bi-orthogonal coding method. 

The TPC information 6 represents the command, produced by the receiver 
and transmitted to the transmitter, to adjust the transmission power. To do this, the 
received power in the receiver or the signal-to-noise ratio in the received signal is 

1 5 compared with a predetermined reference value, and the value for the power 

adjustment command is determined as a function of the discrepancy. This m e ans 
tihat As such , if the received power exceeds the reference value, a command is 
produced to reduce the transmission power, while a command to increase the 
transmission power is produced if the received power is less than the predetermined 

20 reference value. Thus, depending on the comparison result, the receiver transmits a 
digital or binary adjustment command to the transmitter. In this case, a command to 
increase the transmission power (power up command) is coded with a 1, while a 
command to reduce the transmission power (power down command) is coded with 
a 0. In each case, the adjustment command is transmitted to the transmitter after 

25 appropriate modulation. According to the WCDMA Standard for UMTS mobile 
radio systems that is currently under discussion, the transmission is carried out by 
m e an s of via QPSK modulation (Quadrature Phase Shift Keying), by which e 



the binary 1 or 0 are changed to respective values -1 and +1, followed by the power 
control signal being spread. 
30 The power control information^ thus^ generally compris e s includes only one 

bit, which indicates whether the transmission power should be increased or reduced 
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at the transmission end. In order to allow this bit to be transmitted with a 
sufficiently low error probability, the bit is transmitted repeatedly. The TPC 
information shown in Figure 3 in consequence, for example, comprise s includes 
three bits bl...b3, which are transmitted successively with identical information 
5 contents. However, the power control information ms^ also comprise may include a 
different nimiber of bits;i for example^ more bits. 

Relatively powerful coding methods which are known per se and by means 
ef via which it would be possible to achieve a better error probability are not used 
since the TPC bits will need to be evaluated immediately in the receiver of the TPC 
10 information^ in order to allow the transmission power to be readjusted appropriately 
= without delay. According to the prior art, the TPC bits are feis not coded together 

= with other bits or data and also can alse not be distributed over a relatively long 

t time period, for example over an entire frame, which is referred to as interleaving. 

C However, there is a requirement for the TPC bits to be transmitted correctly 

g 15 with as high a reUability level as possible in order to avoid the transmitter 

^ incorrectly or not reliably receiving the corresponding power adjustment command. 

U The document ETSI SMG2 LI Expert Group, Tdos SMG2 UMTS-Ll 

y 736/98, Espoo, Finland, December 14-18, 1998, "Soft TPC Interpretation for 

f Improved Closed Loop Power Control" discusses the reliability of the power 

20 adjustment command transmitted to the transmitter, and adjustment in as optimum 
a mamier as possible of the value of the power adjustment command as a fimction 
of the reliability of its reception. In this case, the authors indicate that the value of 
the power adjustment command should be chosen depending on the function tanh 
(A/2), where A represents the reliability of the power adjustment command in the 
25 form of a log-likelihood distribution. 

The present invention is based on the object of directed toward providing an 
improved method for controlling the transmission power in a radio system, in 
particular in a mobile radio system, as well as a corresponding radio system, by 
which m e ans the reUability of transmission of the power control information can be 
30 improved. 
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According to the inv e ntion, this object is achi e ved by a method having th e 
features of claim 1, and by a corr e sponding mobile radio syst e m having the f e atures 
of claim 13. The dependent claims each d e scrib e preferred and advantag e ous 
embodim e nts of the present invention. 
5 SUMMARY OF THE INVENTION 

According to the present invention, the power control information 
transmitted in one timeslot is coded together with further data which is intended to 
be transmitted in the same timeslot. Both the power control information and this 
further data or information are preferably transmitted in binary form, so that the 

1 0 power control information (TPC bits) transmitted in one timeslot is not simply 

transmitted repeatedly, but is coded together with further bits, which are intended to 
be transmitted within the same timeslot. These further bits may be, for example, the 
bits in the TFI information (TFI bits) in a WCDMA mobile radio system. However, 
in principle, other bits, for example data bits, eaH also can be used for coding with 

1 5 the TPC bits, provided they are intended to be, or can be, transmitted in the same 
timeslot at the TPC bits. 

The coding method used for coding the TPC bits can in principle^ be chosen 
as required. However, the coding method is advantageously chosen such that the 
coding process provides added redundancy, which can be utilized during reception 

20 of the coded power control information to check the transmitted value of the power 
control information. 

The coding method may, for example, comprise include the TPC bits being 
coded together with the fiirther bits to be coded with them to form a common 
binary data word, at least some of whose bit values depend not only on the value of 

25 the TPC bits but also on the value of the further bits, for example the TFI bits. The 
bits to be coded with one another can^ thus, in particular, be linked by means of via 
a logic exclusive-OR operation. 

3?ie An advantage of the present invention is that the added redimdancy, 
which results from the dependency of the coded bits on both the value of the TPC 

30 bits and the value of the further bits to be coded with them, allows additional 

estimated values to be obtained for the power control information to be transmitted. 
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which then can feea be used to check the received power control information, in 
order to increase the reliability of transmission of the power control information. 

The present invention is preferably used in CDMA mobile radio systems, 
especially in WCDMA mobile radio systems, such as the UMTS mobile radio 
system. Furthermore, the present invention is preferably used in a mobile radio 
system in the downlink, that is to say for transmission of the power control 
information from the base station to the mobile station, since CDMA mobile radio 
systems have increased delay times in the uplink, owing to the code division 
multiplexing method used. In principle, the present invention can, however, be 
applied to any type of radio system in which it is intended to transmit power control 
information embedded in a (frame and) timeslot structure. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
the Figures. 

The invention will be explained in more detail in the following text with 
r e f e r e nce to th e attached drawing on the basis of use in the downlinlc of a WCDMA 
mobil e radio syst e m, in particular a UMTS mobile radio system. In this cas e : 
BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the frame and timeslot structure according to the present 
invention for a downlink connection in a WCDMA mobile radio system to which 
the present invention is preferably applied^^ 

Figure 2 shows a schematic illustration of a mobile radio system in order to 
explain the information transmission for power confrolrand. 

Figure 3 shows the known frame and timeslot structure for a downUnk 
connection in a WCDMA mobile radio system. 

DETAILED DESCRIPTION OF THE INVENTION 

The frame and timeslot structure shown in Figure 1 indicates the principle 
on which the present invention is based, with the ftmdamental layout of this 
structure corresponding to the structure shown in Figure 3, so that reference also 
shotild aise be made to the corresponding explanatory notes relating to Figure 3. 
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As has already been described initially, in the structure shown in Figure 3, 
the bits for power control information 6 (referred to as TPC bits in the following 
text) are transmitted separately from the fiuther information, to be transmitted in 
the same timeslot, in a timeslot 4. hi particular, the power control information 
5 normally comprises includes only one bit value, which is transmitted a number of 
times successively, according to Figure 3, for example, three times in the form of 
the TPC bits bl ...b3. The further control and data bits are separated from the TPC 
bitsbl...b3. 

However, according to the present invention, this separation is canceled, 
1 0 and the TPC bits b 1 . . .b3 are coded together with firrfher bits which are transmitted 
in the same timeslot 4. These may be, for example, the bits in the format 
identification information 7 (referred to as TFI bits in the following text). However, 
other bits, such as bits in the data information 8, eaa also can possibly be used for 
coding the TPC bits. 

15 In order to explain the piinciple on which the present invention is based, it 

is assumed by way of example in the following text that the power control 
information compris e s includes three TPC bits bl...b3, which are intended to be 
coded, in redundant form, together with three TFI bits b4...b6 of format 
identification information. The value of the power control information to be 

20 transmitted is denoted p, while the value of the format identification information to 
be fransmitted in the same timeslot 4 is denoted t. 

With the conventional structure shown in Figure 3, the bits bl...b3 would all 
be assigned the value p, while the bits b4...b6 would define the value t, separately 
from this. 

25 According to one preferred exemplary embodiment of the present invention, 

it is now proposed that a coded data word which is common to the power control 
information and format identification information be generated from the bits 
bl...b6, at least some of whose bit values are influenced not only by the value p but 
also by the value t. In particular, the bits bl ...b6 in this coded data word can be 

30 allocated as follows, in the course of coding: 
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b3 =b4 = pX0Rt 
b5=b6 = t 

5 The coded data word thus comprises includes a total number of bits 

corresponding to the sum of the TPC bits and TFI bits, in which, however, some of 
the bits in this data word are occupied only with the TPC value p (see the bits b 1 
and hi), while a further portion of this data word is occupied only by the TFI value 
t (see the bits b5 and b6). A third section of the data word is, finally, obtained by 
10 means of via a logic operation, in particular by means of vja a logic exclusive-OR 
operation, between the TPC value p and the TFI value t (see the bits bS and b4). 
^ Thus, in comparison to the conventional structure shown in Figure 3, the bits 

^ b3...b6 are used differently in the coding method described above. 

i After the transmission of this code word with the coded bits b 1 . . .b6 to the 

5 1 5 transmitter for appropriate readjustment of the transmission power, the transmitter 

can use the information contained in the bits b3...b6 to calculate an estimated value 
^ p' for the TPC information. To do this, the transmitter uses b5 and b6 to determine 

y an estimated value for t, so that the estimated value p' can be calculated firom the 

a 

£ bits b3 and b4, on the basis of the estimated value of t, and utilizing the known 

=^ 20 XOR function. 

This estimated value p' thus replaces the estimated value for the power 
control information obtained from the bit b3 when using the known structure shown 
in Figure 3. This procedure has the advantage that p' is^ in each case^ based on two 
bits, with this combination making it possible to achieve a transmission capability 
25 that is improved by 3 dB. 

The calculation of the XOR function admittedly results in a higher bit error 
rate. However, at least when the channel or transmission conditions are not very 
bad, this is more than compensated for by the gain. This will be explained briefly 
below. 

30 If f denotes the probability that a bit will be detected incorrectly, then the 

probability of incorrect detection is improved approximately to f if this bit is 
transmitted twice. On the other hand, the probability of mcorrect detection resulting 
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from the XOR calculation deteriorates approximately to 2f since, in this case, the 
XOR calculation produces an incorrect value just by one of the two XOR-linked 

values or bits having been detected incorrectly. The coding method described above 
thus gives better results provided the following relationship is satisfied: 
5 2f^<f 

or 

f<0.5 

10 

This relationship is satisfied for WCDM transmission methods, so that the 
present invention ensures improved traasmission reliability, particularly when used 
in (W)CDMA mobile radio systems. 

Although the present invention has been described with reference to specific 

15 embodiments, those of skill in the art will recognize that changes maybe made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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Abstract 

ABSTRACT OF THE DISCLOSURE 
Method for controlling the transmissioii power in a radio system, and a 
corresponding radio system 

In a radio system, in particular a CDMA mobile radio system, a receiver (If 
3^ evaluates a signal received from a transmitter (2; 1) and produces power control 
information (6) for setting the transmission power as a function of this evaluation. 
In order to improve the transmission reUability of the power control information 
(6), it is coded, and is transmitted to the transmitter (2; 1) , together with further data 
from the said timeslot, for example with bits from the format identification 
information f?). 

(Figur e 1) 
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Method for controlling the transmission power in a 
radio system, and a corresponding radio system 

The present invention relates to a method for 
controlling the transmission power in a radio system, 
and to a corresponding radio system, in particular a 
corresponding mobile radio system. 

Transmission power control in mobile radio systems is 
an important performance feature in order to be able to 
suppress possible interference between the individual 
connections and hence to allow the capacity and quality 
of the connections to be improved, as well as to be 
able to reduce the mean transmission power, to achieve 
the best possible matching to the requirements and to 
allow losses via the transmission channels to be at 
least partially compensated for. 

To this end, the signal transmitted by a transmitter is 
evaluated at the receiving end in the mobile radio 
system in order to allow information to be produced as 
a function of this for power control, and to allow this 
information to be transmitted to the transmitter, which 
then adjusts the transmission power in accordance with 
the power control information. 

In order to explain the principle of power control in 
more detail. Figure 2 shows the communication between a 
base station 1 and a mobile station 2 in a mobile radio 
system. A connection from the base station 1 to the 
mobile part 2 is referred to as the downlink or forward 
link connection, while a • connection from the mobile 
part 2 to the base station 1 is referred to as the 
uplink connection, or reverse link connection. For 
power control in the downlink, the respective received 
signal is evaluated in the mobile station 2, and power 
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control information is produced as a function of this 
and is sent back to the base station 1, so that the 
base station 1 can adjust the transmission power 
appropriately. In order to control the 
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uplink, the received signal is evaluated in the base 
station 1, where the power control information is 
produced and the mobile station 2 is instructed to 
carry out power matching. 

The power control information is in this case 
transmitted within a predetermined frame structure, 
depending on the respective mobile radio system. 

Figure 3 shows an example of the frame and timeslot 
structure for a downlink connection in a mobile radio 
system operated using a code division multiple access 
method (CDMA) . The frame and timeslot structure shown 
in Figure 3 corresponds in particular to a UMTS mobile 
radio channel (Universal Mobile Telecommunications 
System) , which is also referred to as DPCH (Dedicated 
Physical Channel) in accordance with the current state 
of UMTS standardization. UMTS is the designation for 
third-generation mobile radio systems, with the aim of 
a worldwide, universal mobile radio standard. According 
to the UMTS mobile radio standard, the WCDMA method 
(Wideband Code Division Multiple Access) is intended 
for use as the multiple access method. 

The frame structure shown in Figure 3 and with a 
duration of 720 ms comprises, in particular, 72 frames 
3 of identical construction and having a frame duration 
of 10 ms, with each frame in turn each having 16 
timeslots 4, with a timeslot duration of 0.625 ms . Each 
timeslot 4 comprises information split between a 
logical control channel (DPCCH, Dedicated Physical 
Control Channel) and a logical data channel (DPDCH, 
Dedicated Physical Data Channel) . The DPCCH section 
comprises a pilot bit sequence 5 and TPC information 
(Transmitter Power Control) 6 and TFI information 
(Transmitter Format Identifier) 7. The DPDCH section 
comprises user data bits 8 . The structure shown in 
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Figure 3 can be found, for example, in the document 
ETSI STC SMG2 UMTS-Ll: Tdoc SMG2 UMTS-Ll 221/98. 
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The pilot bit sequence 5 is used for estimating the 
channel impulse response during a training sequence, 
and corresponds to a known bit pattern. The receiver 
can determine or estimate the channel impulse response 
5 of the mobile radio channel by comparing the received 
signal with the known pilot bit sequence. 

The TFI information 7 is used for format identification 
for the respective receiver. The TFI bits are 

10 protected, according to the present WCDMA Standard, by- 
means of a specific coding method, and are distributed 
over an entire frame (time duration 10 ms) by 
interleaving. If the TFI information 7 in each timeslot 
comprises, for example, three bits b4...b5 as shown in 

15 Figure 3, there are a total of 3*16 = 48 TFI bits per 
frame, which comprises 16 timeslots, and these bits are 
coded by means of a bi-orthogonal coding method. 

The TPC information 6 represents the command, produced 

2 0 by the receiver and transmitted to the transmitter, to 

adjust the transmission power. To do this, the received 
power in the receiver or the signal-to-noise ratio in 
the received signal is compared with a predetermined 
reference value, and the value for the power adjustment 
25 command is determined as a function of the discrepancy. 
This means that, if the received power exceeds the 
reference value, a command is produced to reduce the 
transmission power, while a command to increase the 
transmission power is produced if the received power is 

3 0 less than the predetermined reference value. Thus, 

depending on the comparison result, the receiver 
transmits a digital or binary adjustment command to the 
transmitter. In this case, a command to increase the 
transmission power {power up command) is coded with a 
3 5 1, while a command to reduce the transmission power 
("power down command) is coded with a 0. In each case, 
the adjustment command is transmitted to the 
transmitter after appropriate modulation. According to 
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the WCDMA Standard for UMTS mobile radio systems that 
is currently under discussion. 
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the transmission is carried out by means of QPSK 
modulation (Quadrature Phase Shift Keying) , by which 
means the binary 1 or 0 are changed to respective 
values -1 and +1, followed by the power control signal 
5 being spread. 

The power control information thus generally comprises 
only one bit, which indicates whether the transmission 
power should be increased or reduced at the 

10 transmission end. In order to allow this bit to be 
transmitted with a sufficiently low error probability, 
the bit is transmitted repeatedly. The TPC information 
shown in Figure 3 in consequence, for example, 
comprises three bits bl...b3, which are transmitted 

15 successively with identical information contents - 
However, the power control information may also 
comprise a different number of bits, for example more 
bits. 

2 0 Relatively powerful coding methods which are known per 
se and by means of which it would be possible to 
achieve a better error probability are not used since 
the TPC bits will need to be evaluated immediately in 
the receiver of the TPC information, in order to allow 

25 the transmission power to be readjusted appropriately 
without delay. According to the prior art, the TPC bits 
are thus not coded together with other bits or data and 
can also not be distributed over a relatively long time 
period, for example over an entire frame, which is 

30 referred to as interleaving. 

However, there is a requirement for the TPC bits to be 
transmitted correctly with as high a reliability level 
as possible in order to avoid the transmitter 
35 incorrectly or not reliably receiving the corresponding 
power adjustment command. 

The document ETSI SMG2 LI Expert Group, Tdos SMG2 UMTS- 
Ll 736/98, Espoo, Finland, December 14-18, 1998, "Soft 
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TPC Interpretation for Improved Closed Loop Power 
Control" discusses the reliability of the power 
adjustment command transmitted to the transmitter, and 
adjustment in as optimum a manner as possible of the 



GR 99 P 1715 

- 5 - 

value of the power adjustment command as a function of 
the reliability of its reception. In this case, the 
authors indicate that the value of the power adjustment 
command should be chosen depending on the function tanh 
(A/2) , where A represents the reliability of the power 
adjustment command in the form of a log -likelihood 
distribution. 

The present invention is based on the object of 
providing an improved method for controlling the 
transmission power in a radio system, in particular in 
a mobile radio system, as well as a corresponding radio 
system, by which means the reliability of transmission 
of the power control information can be improved. 

According to the invention, this object is achieved by 
a method having the features of claim 1, and by a 
corresponding mobile radio system having the features 
of claim 13 . The dependent claims each describe 
preferred and advantageous embodiments of the present 
invention. 

According to the invention, the power control 
information transmitted in one timeslot is coded 
together with further data which is intended to be 
transmitted in the same timeslot. Both the power 
control informat ion and this further data or 
information are preferably transmitted in binary form, 
so that the power control information {TPC bits) 
transmitted in one timeslot is not simply transmitted 
repeatedly, but is coded together with further bits, 
which are intended to be transmitted within the same 
timeslot. These further bits may be, for example, the 
bits in the TFI information (TFI bits) in a WCDMA 
mobile radio system. However, in principle, other bits, 
for example data bits, can also be used for coding with 
the TPC bits, provided they are intended to be, or can 
be, transmitted in the same timeslot at the TPC bits. 
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The coding method used for coding the TPC bits can in 
principle be chosen as required. However, the coding 
method is advantageously chosen such that the coding 
process provides added redundancy, which can be 
5 utilized during reception of the coded power control 
information to check the transmitted value of the power 
control information. 

The coding method may, for example, comprise the TPC 
bits being coded together with the further bits to be 
coded with them to form a common binazry data word, at 
least some of whose bit values depend not only on the 
value of the TPC bits but also on the value of the 
further bits, for example the TFI bits. The bits to be 
coded with one another can thus, in particular, be 
linked by means of a logic exclusive -OR operation. 

The advantage of the invention is that the added 
redundancy, which results from the dependency of the 
coded bits on both the value of the TPC bits and the 
value of the further bits to be coded with them, allows 
additional estimated values to be obtained for the 
power control information to be transmitted, which can 
then be used to check the received power control 
information, in order to increase the reliability of 
transmission of the power control information. 

The present invention is preferably used in CDMA mobile 
radio systems, especially in WCDMA mobile radio 
3 0 systems, such as the UMTS mobile radio system. 
Furthermore, the invention is preferably used in a 
mobile radio system in the downlink, that is to say for 
transmission of the power control information from the 
base station to the mobile station, since CDMA mobile 
35 radio systems have increased delay times in the uplink, 
owing to the code division multiplexing method used. In 
principle, the present invention 
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can, however, be applied to any type of radio system in 
which it is intended to transmit power control 
information embedded in a (frame and) timeslot 
structure . 

5 

The invention will be explained in more detail in the 
following text with reference to the attached drawing 
on the basis of use in the downlink of a WCDMA. mobile 
radio system, in particular a UMTS mobile radio system. 
10 In this case: 

Figure 1 shows the frame and timeslot structure 
according to the present invention for a downlink 
connection in a WCDMA mobile radio system to which the 
15 present invention is preferably applied. 

Figure 2 shows a schematic illustration of a mobile 
radio system in order to explain the information 
transmission for power control, and 

20 

Figure 3 shows the known frame and timeslot structure 
for a downlink connection in a WCDMA mobile radio 
system. 

25 The frame and timeslot structure shown in Figure 1 
indicates the principle on which the present invention 
is based, with the fundamental layout of this structure 
corresponding to the structure shown in Figure 3 , so 
that reference should also be made to the corresponding 

30 explanatory notes relating to Figure 3. 

As has already been described initially, in the 
structure shown in Figure 3, the bits for power control 
information 6 (referred to as TPC bits in the following 
3 5 text) are transmitted separately from the further 
information, to be transmitted in the same timeslot, in 
a timeslot 4. In particular, the power control 
information normally comprises only one bit value, 
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which is transmitted, a number of times successively, 
according to Figure 3, for example, three times in the 
form of the TPC bits 
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bl...b3. The further control and data bits are 
separated from the TPC bits bl..,b3. 

However, according to the invention, this separation is 
canceled, and the TPC bits bl...b3 are coded together 
with further bits which are transmitted in the same 
timeslot 4. These may be, for example, the bits in the 
format identification information 7 (referred to as TFI 
bits in the following text) . However, other bits, such 
as bits in the data information 8, can also possibly be 
used for coding the TPC bits. 

In order to explain the principle on which the 
invention is based, it is assumed by way of example in 
the following text that the power control information 
comprises three TPC bits bl...b3, which are intended to 
be coded, in redundant form, together with three TFI 
bits b4...b6 of format identification information. The 
value of the power control information to be 
transmitted is denoted p, while the value of the format 
identification information to be transmitted in the 
same timeslot 4 is denoted t . 

With the conventional structure shown in Figure 3, the 
bits bl...b3 would all be assigned the value p, while 
the bits b4.,.b6 would define the value t, separately 
from this . 

According to one preferred exemplary embodiment of the 
invention, it is now proposed that a coded data word 
which is common to the power control information and 
format identification information be generated from the 
bits bl...b6, at least some of whose bit values are 
influenced not only by the value p but also by the 
value t. In particular, the bits bl...b6 in this coded 
data word can be allocated as follows, in the course of 
coding : 



bl = b2 = p 
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b3 = b4 = p XOR 
b5 = b6 = t 
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The coded data word thus comprises a total number of 
bits corresponding to the sum of the TPC bits and TFI 
bits, in which, however, some of the bits in this data 
word are occupied only with the TPC value p (see the 
bits bl and b2) , while a further portion of this data 
word is occupied only by the TFI value t (see the bits 
b5 and b6) . A third section of the data word is, 
finally, obtained by means of a logic operation, in 
particular by means of a logic exclusive-OR operation, 
between the TPC value p and the TFI value t (see the 
bits b3 and b4) . Thus, in comparison to the 
conventional structure shown in Figure 3, the bits 
b3...b6 are used differently in the coding method 
described above. 

After the transmission of this code word with the coded 
bits bl...b6 to the transmitter for appropriate 
readjustment of the transmission power, the transmitter 
can use the information contained in the bits b3...b6 
to calculate an estimated value p' for the TPC 
information. To do this, the transmitter uses b5 and b6 
to determine an estimated value for t, so that the 
estimated value p' can be calculated from the bits b3 
and b4, on the basis of the estimated value of t, and 
utilizing the known XOR function. 

This estimated value p' thus replaces the estimated 
value for the power control information obtained from 
the bit b3 when using the known structure shown in 
Figure 3. This procedure has the advantage that p' is 
in each case based on two bits, with this combination 
making it possible to achieve a transmission capability 
that is improved by 3 dB . 

The calculation of the XOR function admittedly results 
in a higher bit error rate. However, at least when the 
channel or transmission conditions are not very bad, 
this is more than compensated for by the gain. This 
will be explained briefly below. 
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If f denotes the probability that a bit will be 
detected incorrectly, then the probability of incorrect 
detection is improved approximately to f^ if this bit 
is transmitted twice. On the other hand, the 
probability of incorrect detection resulting from the 
XOR calculation deteriorates approximately to 2f since, 
in this case, the XOR calculation produces an incorrect 
value just by one of the two XOR-linked values or bits 
having been detected incorrectly. The coding method 
described above thus gives better results provided the 
following relationship is satisfied: 

2f2 < f 

or 

f < 0.5 

This relationship is satisfied for WCDM transmission 
methods, so that the invention ensures improved 
transmission reliability, particularly when used in 
(W) CDMA mobile radio systems. 
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Patent Claims 

1. A method for controlling the transmission power in 

a radio system, 
, in which a signal which is received by a receiver (1 ; 
2) via a transmission channel of the radio system from 
a transmitter (2; 1) is evaluated, and power control 
information (6) is produced as a function of this and 
is sent, embedded in a timeslot structure (4) , to the 
transmitter (2; 1), 

in which the transmission power is set in the 
transmitter (2; 1) as a function of the power control 
information (6) , 
and 

in which, in the receiver (1; 2), the power control 
information (6) in a one timeslot (4) is coded, and is 
transmitted to the transmitter (2; 1), together with 
- further data to be transmitted in the same timeslot 
(4) , 

characterized 

in that the coding is carried out in such a manner that 
the power control information (6) in a timeslot (4) is 
coded, with the addition of redundancy, together with 
further data to be transmitted in the same timeslot (4) 
to form a common data word, with at least one bit value 
in the data word depending on the power control 
information and on the further data. 

2. The method as claimed in claim 1, 
characterized 

in that the further data together with which the power 
control information (6) is coded is data for format 
identification information (7) . 

3. The method as claimed in claim 1, 
character! zed 
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in that the further data together with which the power 
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control information (6) is coded is user data (8) . 

4 . The method as claimed in one of the preceding 
claims , 



U 

u 
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characterized 

in that the power control information is transmitted in 
binary form. 



5. The method as claimed in claim 4, 
characterized 

in that the bits in the power control information (6) 
are coded with the bits of the further data to form a 
common binary data word (bl. . .b6) . 

6. The method as claimed in claim 5, 
characterized 

in that the coded data word comprises a number of bits 
(bl...b6) corresponding to the sum of the bits in the 
power control information (6) and the bits in the 
further data. 

7. The method as claimed in claim 5 or 6, 
characteri zed 

in that, during the coding process, at least one bit 
(bl, b2) in the coded data word is assigned the value 
of the power control information (6) to be transmitted 
in the corresponding timeslot (4) . 

8. The method as claimed in one of claims 5-7, 
characteri zed 

in that, during the coding process, at least one bit 
(b5, b6) in the coded data word is assigned the value 
of the information (7) to be transmitted in the 
corresponding timeslot (4) from the further data. 



9. The method as claimed in one of claims 5-8, 
characteri zed 

in that, during the coding process, at least one bit 
35 (b4) in the coded data word is assigned the value which 
corresponds to a logic operation between the power 
control information (6) to be transmitted in the 



AMENDED SHEET 



May 22, 2001 DE 00000102 

1999P01715WO 

- 2a - 

corresponding timeslot (4) and the information (7) to 
be transmitted in the same timeslot (4) from the 
further data. 
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10. The method as claimed in claim 9, 
characterized 

in that a logic exclusive-OR operation is used as the 
logic operation. 

11. The method as claimed in claim 9 or 10, 
characterized 

in that the power control information (6) is recovered 
in the transmitter (2; 1) by means of appropriate 
decoding, with an estimated value being determined for 
the power control information during the decoding 
process on the basis of the value obtained by the logic 
operation from the corresponding bit in the coded data 
word. 

12 . The method as claimed in one of the preceding 
claims, 

charact eri zed 

in that the receiver (1) which produces the coded power 
control information (6) is a base station in a mobile 
radio system, and the transmitter (2) which receives 
the power control information and sets its transmission 
level appropriately is a mobile station in the mobile 
radio system, so that the coded power control 
infoirmation (6) is transmitted via a downlink 
connection between the receiver (1) and the transmitter 
(2) . 

13 . A radio system 

having a transmitter (2; 1), and 

having a receiver (1; 2) for receiving a signal, which 
is transmitted via a transmission channel of the mobile 
radio system, from the transmitter (2; 1) and for 
evaluating the received signal, in order to produce 
power control information (6) which is dependent on it 
and to send this information, embedded in a timeslot 
structure (4), to the transmitter (2; 1), 
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in which the transmitter (2; 1) is configured such that 
it sets the transmission power as a function of the 
power control information from the receiver (1; 2), 
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in which the receiver (1; 2) is configured in such a 
manner that it codes the power control information (6) 
for a timeslot (4) , and transmits it to the transmitter 
(2; 1), together with further data to be transmitted in 
the same timeslot (4) , 
characterized 

in that the receiver (1; 2) is configured such that it 
codes the power control information (6) in a timeslot 
(4) , with the addition of redundancy, together with 
further data to be transmitted in the same timeslot (4) 
to form a common data word, with at least one bit value 
in the data word depending on the power control 
information and on the further data. 

14. The radio system as claimed in claim 13, 
characterized 

in that the receiver (1; 2) is configured in such a 
manner that it codes the power control information (6) 
together with data from format identification 
information (7) for the same timeslot (4) . 

15. The radio system as claimed in claim 13, 
characterized 

in that the receiver (1; 2) is configured such that it 
codes the power control information (6) together with 
user data (7) for the same timeslot (4) . 

16. The radio system as claimed in one of claims IS- 
IS, 

characterized 

in that the receiver (1; 2) is configured such that it 
sends the power control information (6) to the 
transmitter {2; 1) in binary form. 

17. The radio system as claimed in claim 16, 
characterized 
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in that the receiver (1; 2) is configured such that it 
codes the bits in the power control information (6) 
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together with the bits in the further data to form a 
common binary data word (bl . . .b6) . 

18. The radio system as claimed in claim 17, 

characterized 

in that the receiver (1; 2) is configured such that, 
during the coding process, it assigns at least one bit 
(bl, b2) in the coded common data word the value of the 
power control information (6) to be transmitted in the 
corresponding timeslot (4) , 

19. The radio system as claimed in claim 17 or 18, 
characterized 

in that the receiver (1; 2) is configured such that, 
during the coding process, it assigns at least one bit 
(b5, b6) in the coded common data word the value of the 
information (7) 

to be transmitted in the corresponding timeslot (4) 
from the further data. 

20. The radio system as claimed in one of claims 17- 
19, 

characterized 

in that the receiver (1; 2) is configured such that, 
during the coding process, it assigns at least one bit 
(b4) in the coded common data word a value which 
corresponds to a logic operation between the power 
control information (6) to be transmitted in the 
corresponding timeslot (4) and the information (7) to 
be transmitted in the same timeslot (4) from the 
further data. 

21. The radio system as claimed in claim 20, 
characterized 

in that the logic operation carried out by the receiver 
(1; 2) during the coding process is a logic exclusive- 
OR operation. 
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22. The radio system as claimed in claim 20 or 21, 
character i zed 
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in that the transmitter (2; 1) is configured such that, 
after receiving the coded common data word, it recovers 
the power control information (6) by means of 
appropriate decoding and, in the process, determines an 
estimated value for the power control information on 
the basis of the value obtained by the logic operation 
from the corresponding bit in the coded common data 
word. 

23. The radio system as claimed in one of claims 13- 
22, 

characterized 

in that the radio system is a CDMA mobile radio system. 

24. The radio system as claimed in claim 23, 
character! zed 

in that the receiver (1) which produces the coded 
binary power control information (6) is a base station 
in the mobile radio system, and the transmitter (2) 
which receives the power control information and sets 
its transmission power appropriately is a mobile 
station in the mobile radio system. 
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Als nachstehend benannter Erfinder erklare ich hiermit As a below named inventor, I hereby declare that; 

an Eides Statt: 



dass mein Wohnsitz, melne Postanschrift, und meine 
Staatsangehorigkeit den Im Nachstehenden nach 
meinem Namen aufgefOhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprQngllcher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefUhrt sind) des Gegenstandes bin, fQr den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fQr die Erfindung mit dem Titel: 

Verfahren zur Reaelunq der 
Sendeleistung in einem Funksvstem und 
entsprechendes Funksvstem 

deren Beschreibung 

(zutreffendes ankreuzen) 
n hier beigefQgt ist. 
13 am 03.04.2000 als 
PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCT/DEOO/01021 

eingereicht wurde und am 

abgeSndert wurde (falls tatsSchllch abgeandert). 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the Invention entitled 



Method for regulating the transmitter 
power in a radio system and 
correspondino radio system 



the specification of which 

(check one) 

□ is attached hereto. 

13 was filed on 03.04.2000 as 

PCT international application 

PCT Application No. PCT/DEOO/01021 

and was amended on 

(if applicable) 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der AnsprQche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben etwahnt abgeSn- 
dert wurde. 



I hereby state that 1 have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fQr die PrQfung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations 
§1. 56(a). 



Ich beanspruche hiermit auslandische Priorltatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fQr ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fQr ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung llegt, fOr die Prioritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
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Customer No. 29177 



Voller Name des einzigen oder urspriinglichen Erfinders: 

BERNHARD RAAF 
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BERNHARD RAAF 
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(Number) (Country) 
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22.04.1999 

(Day Month Year Filed) 

(Tag Monat Jahr eingereicht) 
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Yes No 
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(Number) " (Country) 
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(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 


□ □ 
Yes No 
Ja Nein 
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(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 


□ □ 
Yes No 
Ja Nein 


Ich beanspruciie liiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspructi 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeBordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informatlonen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 


1 hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
infomnation as defined In Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


PCT/DEOO/01021 


03.04.2000 


anhanqiq 


pending 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 


(Status) 

(patentiert, anhangig, 
aufgegeben) 


(Status) 

(patented, pending, 
abandoned) 


(Application Serial No.) 
(Anmeldeseriennummei) 


(FPing Date D.M.Y) 
(Anmeldedatum T, M; J) 


(Status) 

(patentiert, anhSngig, 
aufgeben) 


(Status) 
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Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erkiarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatziich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatziich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


1 hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
l«iowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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